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 The evolving fast-charging technology ends the hindrances of electric vehicle 

(EV) usage by integrating renewable energy sources and hybrid energy 

storage systems to increase the range and reliability of the vehicle. Nowadays, 

the development of the smart grid hosts bi-directional operation for improving 

the power quality by sending power from EV to the grid. For that, the multi-

input (MI) converters are the breakthrough with the bidirectional conduction 

operation, which supports the power flow from vehicle to grid, vehicle, and 

building operation (V2X). Another important criterion for EV chargers is the 

high-power density with less losses by zero voltage and current switching and 

less circulating current, which can be achieved with resonant converters. All 

existing reviews missed out on focusing on resonant converters for bi-

directional MI converters. This paper reviews the bi-directional converter 

topologies with multiple inputs suitable for V2X operation based on high and 

low voltage, frequency, control, and switching components. 
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1. INTRODUCTION 

The primary cause of global warming and most ecological issues is pollution due to transportation, 

where the emission of heat and greenhouse gases are dispersed to the environment, causing air adulteration. 

The ruin of fossil fuel turns out towards the renewable energy sources or RES to guard our environment against 

the affluence of global environmental disasters [1]. This peculiar nature made the environmentalists promote 

electric vehicles (EVs) through great awareness and developing better policies to give subsidies based on the 

standards. When the EV is charging using a grid, it again increases the demand for fossil fuels, which indirectly 

does not satisfy the desire [2]. The far-fetched factor of the integration of RES, which limits its application, is 

the dynamics, low voltage, and discrepancy in nature [3]. Each of them needs a powerful electronic interface 

to provide a reliable output and better control to get the desired result. Transportation electrification is a great 

solution to reduce the carbon footprint when it is integrated with RES for charging. 

The fore of the EV focuses on its better performance in speed, range, and charging time with less cost 

compared to an internal combustion engine to increase the utilization of EV. The panacea for the downsides of 

EVs is incorporating multiple sources in the input like solar, wind, fuel cell, supercapacitor, and battery to 

empower the EV power and energy to meet the range and speed [4]. Then, the power management between the 

sources becomes a great challenge to obtain the optimum energy utilization. Depending on the output of the 

RES, the power electronic interface has been chosen with a separate controller for better control, which 

significantly increases the size and weight, directly incurring high costs [5]. Conventional converters have a 

https://creativecommons.org/licenses/by-sa/4.0/
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single input and single output until renewable energy sources and energy storage devices play a major role in 

meeting the load demand with high efficiency and fast charging of EVs.  

Table 1 shows the challenges of integrating the multiple renewable energy sources and energy storage 

devices with converters. As mentioned in Figure 1 the conventional multiple sources general architecture has 

multiple converters with separate control for each with simple control and extreme losses due to the inclusion 

of a greater number of switches [6]. The proposed multiple input (MI) converter, shown in Figure 2, reduces 

the losses by decreasing the number of redundant conversion stages and parallelly increasing the challenge in 

controller design [7]. Many reviewers said centralized control by connecting to a single converter offers better 

performance and reduced losses [8]–[15]. The MI converter's design and management should accomplish the 

behavior of sources. 

The power electronic interfaces only decide the effective functioning of the EV to meet range and 

speed with optimized energy consumption. Converters are the heart of the system to perform well, they pump 

the necessary current based on the requirement, and the controller is the system's brain to have better control 

to protect all the devices and load. The choice of the converter is significantly based on the direction of the 

converter (unidirectional and bidirectional) and isolation (isolated and non-isolated). Specifically, the energy 

storage devices need bidirectional converters, and RES needs unidirectional converters [16] then high power 

handling circuits need galvanic isolation for safety. The non-isolated topologies are suitable for low-power 

systems less than 600 W, whereas isolated topologies are ideal for those greater than 600 W. In parallel, it 

stated that the non-isolated topology performs better and is cost-effective compared to the isolated topology. 

Based on control and power handling capacity, the isolated converter performs better than the non-isolated 

topology [17] for EV charging. 
 

 

Table 1. Challenges of RES and ES integration 
RES & ES combination Objective Remarks 

Solar, wind Utilize the complete RES without integrating 

with grid 
- Impact on grid integration is greatly reduced 

- Proper energy management is needed 

Solar, battery Energy stored in battery at day time and 
utilized at night time. 

- The energy is limited due to single source 

- Size of photovoltaics (PV) is high to supply the 

necessary demand 

Solar, fuel cell, battery To minimize the size and cost of the system. - Overall energy is increased and the storage capacity 

can be reduced 

- Performance also improved 

Solar, battery, 

supercapacitor 

To support fast charging and to enhance the 

battery life span 
- The peak power demand is supplied by the 

supercapacitor 

- Size of the battery is greatly reduced 

Fuel cell, battery To achieve unlimited energy level - Proper design and protective system are needed 

- Power is limited due to single source 

 

 

 
 

Figure 1. Conventional method of interfacing of multiple inputs with DC grid 
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Figure 2. Multiple inputs interfaced using MI converter 
 

 

MI converters can be classified based on magnetically coupled, electromagnetically connected, and 

electrically connected converters. The isolated bidirectional converters are coming under electromagnetically 

and magnetically linked. The voltage gains of the magnetically and electromagnetically connected MI 

converters depend on the transformer turns ratio and the duty ratio of the switches. Thus, the 

electromagnetically connected converter has the advantage of high voltage gain in contrast to the others [18]. 

The multiport isolated converters are clustered based on the transformer as two-winding transformer-coupled, 

multi-winding-transformer-coupled, and multi-transformer-coupled [19]. In two-winding transformers, the 

galvanic isolation between the input and output is established, not between all ports. In the multi-winding type, 

galvanic isolation is found between all converter ports. In the third type, the primary and secondary winding 

are coupled as dual active bridge types, and based on the requirement, the ports are connected using either a 

half-bridge or full bridge. Table 2 describes the comparison of MI converters. 
 

 

Table 2. Comparison of MI converters 

Topology Gain 
Zero current switching (ZCS)/Zero voltage 

switching (ZVS) switching 
Number of 
components 

Cost 
Power 
density 

Control 
complexity 

Isolated High Critical High High Medium High 

Non - isolated Low Critical Less Less Low Less 
Electromagnetically 

coupled 

High Critical Medium Less Medium High 

Magnetically coupled Medium Critical High High Medium Less 
Electrically coupled Low Critical Less Less Low High 

Modular High Critical High High Medium High 

Non -modular Low Critical Less Less Low Less 
Multi-input single - 

output 

Low Critical Less Less Low Less 

Multi-input multi - output High Critical High Less Medium High 
Resonant MI power 

converters 

High Easy to achieve High High Very 

high 

Less 

 

 

MI DC-DC converters can be controlled by many control techniques like proportional integral 

derivate (PID), sliding mode control (SMC), model predictive control (MPC) [20], fuzzy [21], and artificial 

intelligent algorithms (AIA) [22]. The conventional PID method is suitable for linear control, but the remaining 

methods are ideal for nonlinear control. The multidevice interleaved bidirectional converter is mainly 

emphasized for high-power battery electric vehicles (BEVs) and plug-in hybrid electric vehicles (PHEVs) for 

having less electromagnetic interference, shallow output voltage ripples and input current surges, high 

efficiency and reliability, bidirectionality, moderate cost, and compact size [23]. Even though many researchers 

extensively focused on MI converters of both unidirectional and bi-directional, this review paper intended to 

only focus on bi-directional MI converters with all terminologies related to them. 
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This review appraised the terminologies related to bi-directional MI converter in section 2 different 

bidirectional MI converter topologies are discussed, which mainly find their application in battery charging 

with the integration of RES and multiple storage devices. This section elaborately reviews the two categories 

of isolated and non-isolated MI converters for high and low-voltage applications. The summary based on a 

number of components, specifications, power and voltage gain is given in a table. The next section focuses on 

the future perspective and inferences from the review and is followed by the conclusion. 
 

 

2. TOPOLOGIES OF MI CONVERTERS 

Since this review focuses on bi-directional MI converters applicable for EV charging, the discussion 

is deeply on isolated and non-isolated MI converters. Usually, the non-isolated MI converters are developed 

from the buck and boost converters with compact size and high-power density. The isolated topologies are 

developed from bridge converters with a wide output range and soft switching. Many modulation approaches 

have been explored and developed to control the rising fields of MI DC-DC converters. Pulse-width modulation 

(PWM), frequency modulation (FM), and phase-shift modulation (PSM) are the common switching control 

approaches for switch-mode converters. Other than these, intelligent controllers have been implemented to 

optimize the PWM, FM, and PSM input. Due to its simplicity, PWM has been widely used in various 

applications to manage switching-mode power DC/DC converters to control either voltage or current. FM has 

been used for half-bridge isolated resonant converters, whereas PSM is used for full-bridge isolated converters 

[24], [25]. As per the EV charger stipulations, the levels are categorized as up to 3.7 kW is level 1, 3.7 - 22 kW 

is level 2 and above these is level 3. Then level 3 is divided into AC (22 to 43.5 kW) and DC (up to 200 kW), 

fast charging DC (above 200 kW). The specifications of the EV charger protocols are defined in different 

standards for different countries as SAE J1772 (USA), EN 61851 and IEC 62196 (Europe), JEVS G101 

(Japan), GB/T 20234 (China). Recently, China, Germany and Japan jointly designed the EV charger ChaoJi 

has a power rating of 900 kW for ultra-fast charging. 

 

2.1. Non-isolated-low voltage MI converter 

The development of MI converters started with the combination of the basic DC-DC converters, which 

need proper design and control for applications [26]. The basic converters without energy buffers are buck and 

boost converters, and those with energy buffers are buck-boost [27], single-ended primary inductor converter 

or SEPIC [28], and Cuk and Zeta converters [29]. Figure  shows the formation of a simple MI converter from 

a boost converter [30], using a simple voltage regulator to generate the control signals for switches through 

PWM to control the MI converter. An MI converter designed with bidirectional for multiple sources with PV, 

fuel cell or FC and battery needs optimized control for managing power between sources [31], [32]. The diode-

capacitor voltage multiplier stages are cascaded in the output stage based on the design requirements to increase 

the output voltage. The independent source operation with different ratings must be integrated to improve the 

converter's flexibility. The circuit in Figure 4 was built by combining a buck with a boost converter, which can 

operate independent sources where the sources are operated individually. 
 

 

 

 

 

Figure 3. MI converter from boost converter [30] 

 

Figure 4. Buck and boost combined MI converter [27] 
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A back-to-back connected boost converter with PV, FC, and battery as sources with self-defined 

power management control gives a simple circuit for hybrid electric vehicle (HEV) [33]. The PV is the source 

when demand power is less than PV power, and when demand power is more than PV power, both FC and PV 

supply power, and when demand power exceeds the power, the battery adds to that. An MI converter with 

battery and ultra capacitor (UC) as source with both fuzzy and PI control achieved a better control based on 

voltage reference [34], [35]. If the output voltage is lower than the battery voltage, the battery is in discharging 

mode or regenerative mode. If the output voltage is less than the battery voltage and the power is less than the 

charging of super capacitor (SC). The smooth power profile is achieved with the improved battery life cycle. 

In a new joint control approach for a three-level multiport converter is proposed with current and 

voltage control combined for controlling the battery and supercapacitor output using the bidirectional buck-

boost converter shown in Figure 5 [36], [37]. Charge equalization is a big challenge when many batteries are 

interleaved through multiple converters. A consensus-based control achieves the three objectives of battery 

state of charge (SOC) equalization, proportional current sharing, and current regulation [38] to improve the 

battery life. For hybrid energy storage system or HESS, the life of the storage devices can be increased based 

on the charging and discharging level of the state of charge [39]. [40] proposed a simple boost converter-based 

multiport converter for multiple renewable sources integrated with battery-operated at high efficiency at 75 

kHz switching frequency. Figure 6 is suitable for the combination of battery and SC, where multiple SCs can 

be combined based on the storm's rating. By predicting the inductor current using the forward Euler approach, 

the MPC algorithm-based converter finds the optimal duty ratio to regulate the output with a control and 

prediction horizon limit of one and less simulation time of 50µs [41]. A moving average filter method employed 

for current control and MPC with a move blocking technique for variable frequency control achieved 96% 

efficiency. The voltage regulation index and settling time were considerably reduced for the single inductor 

multiple port converter [42].  
 
 

 
 

 

Figure 5. More than two buck inputs with 

boost converter [36] 

 

Figure 6. Three-level MI converter [40] 

 
 

Figure 7 is a modified buck-boost converter with power and voltage as the control parameters, proving 

that efficiency deteriorates with a reduced number of switches [43]. The non-isolated MI converter can be 

designed for high-power applications as a modular structure [44]. The modular structure for a wide voltage 

range reduces the voltage and current stress on the switches and the efficient component utilization with less 

filtering requirements [45]. Figure 8 shows the three-level modular structured MI converter that suits high 

voltage levels. Modular multilevel triangular power-sharing establishes a wide voltage conversion ratio [46]. 

A simple dual-input converter with a bootstrap circuit with a charging switch makes the circuit less complex 

and easy to charge and discharge storage devices [47]. Figure 9 displays a simple inverter-modified structure 

with simple control and less stable. 

The intelligent fuzzy controller performs better than the simple PI controller on an MI converter with 

a simple buck-based structure. To resolve the compatibility issue, the multi-input multi-output or MIMO 

converters were developed with a single inductor for multiple inputs and multiple outputs by taking the inductor 

current as a control parameter [48], [49]. Even though a single inductor constant current MIMO converter 

achieves less efficiency, there is no compromise in cross-regulation and scalability [50]. The reconfigurable 

structure based on the requirement of the number of inputs and outputs is more flexible for the construction of 

an MI converter [51] shown in Figure 10. The capacitor-based MIMO converter is suitable for mobile 

applications that are more compact and lightweight. The adaptive tuning method for different operating modes 
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improves the converter's efficiency compared to the fixed reference method [52]. By employing a resonant 

tank, the non-isolated converter performs better by reducing losses due to ZVS and ZCS implementation [53]. 

Table 3 (see Appendix) [54]-[58] summarizes the non-isolated MI converter's components, control topologies, 

merits, and demerits. 

 

 

 
 

 

Figure 7. Modified buck-boost converter [43] 

 

Figure 8. Modular structure of MI converter [46] 

 

 

 

 

 

Figure 9. Modified inverter model [48] 

 

Figure 10. Simple buck-based MI converter [51] 

 

 

2.2. Isolated–medium and high voltage MI converter 

The Isolated MI converters are usually preferred for medium to high-voltage applications for safety 

and smooth control. The isolated MI converters are developed by combining the primary converters, like full 

bridge and half bridge converters, with high-frequency transformers or resonant tanks [59], which increases 

the losses and control complexity due to the increased number of switches. Still, the ZCS and ZVS operations 

can be achieved. In bidirectional isolated DC-DC converters, the series resonant dual stage resonant circuit 

performs with better efficiency [60]. The coupled inductor method helps to achieve voltage clamping and soft 

switching with isolation for multiple inputs or outputs [61]. 

Figure 11 shows the extension of dual active bridge for high power handling without affecting the 

component size leads to multiple ports interleaved by using a transformer, increasing the control and modelling 

complexity [57]. Furthermore, a degree of freedom is also added for modulation, which simplifies the system 

modeling and control, The converter should operate in discontinuous conduction mode to achieve better cross-

regulation to mitigate the current stress and deteriorating the conduction loss. In continuous conduction mode 

operation, the dynamic changes of the loads disturb the other loads when connected with multiple output 

converters. In isolated modular MI converters in primary, the modules are connected as input series output 

parallel to reduce the output side's current stress during light load conditions [62]. The dual active bridge is 

used for conversion where the input and output sources are isolated by transformer winding with the turns ratio 

of 1:n [63]. The input sources are connected using two switches with anti-parallel diodes in parallel and series 

through the DC link capacitor. 

Depending on the load demand, the sources may be the same voltage or voltages and can be operated 

in independent mode or combinational mode. The dual phase shift control is employed to control the inner and 
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outer loop duty ratios, d1 and d2, of the rectifier and inverter, respectively by satisfying the condition 0<d1<d2<1 

and 0<d2<d1<1. The maximum power has been attained when d1 is 0 and d2 is 0.5 to achieve the wide power 

control range. The decoupled PI controller improves the response time and reduces maximum overshoot [64]. 

The high-frequency transformer integrating a resonant tank helps reduce the size with no compromise in power 

density and efficiency. It gives a better solution for medium and high-voltage applications. Model predictive 

algorithm for MI bidirectional converter helps reduce the maximum overshoot and settling time for charging 

EVs with high reliability and efficiency [65]. 

Researchers have achieved multiple ports with multi-winding high-frequency transformers for 

isolated converters. Figure 12 is a three-port converter whose efficiency is high and suitable for both light load 

and full load conditions due to reduced stress. The inductor on the transformer side should be high enough to 

operate under a high switching frequency for better switching performance. The inductor on the DC load side 

inductor should be sufficient for high-power applications with lower output voltage [66]. The constant 

frequency control isolated bidirectional converter with constant gain and hybrid switching increases the power 

density of the converter [67]. The modular structure MI converter for high voltage applications needs an 

optimized controller for controlling the power flow; the structure is shown in Figure 13. The decoupling control 

suits many applications, allowing separate control for each port and making the controller design simple [68]. 

The PWM and phase shift hybrid control with synchronous rectification decreases the loss, and the output 

regulation is effective [69]. The digital controller smooths the transition and enhances stability. A few isolated 

MI converters are compared, and the detailed study is elaborated in Table 4. 

 

 

 
 

Figure 11. Dual active bridge MI converter [57] 
 

 

 
 

 

Figure 12. Three port converters [66] 

 

Figure 13. Modular MI converter [69] 
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Table 4. Comparative study of isolated MI converters 
Ref/ inputs Type of 

converter 

Specifications* Control Advantages Remarks Voltage/ 

power equation 

[63] 

Multiple 

energy 
storage 

Dual active 

bridge 

Sw 

L 

N 
P(W) 

IV(V) 

OV(V) 
SF(kHz) 

RF(kHz) 

ɳ (%) 

12 

1 

1:10 
200k 

240 

3.3k 
20 

NA 

97 

Dual phase 

shift 

Reduce current 

stress 

High efficiency 
Easily expandable 

for extra power 

transmission 

- The chance of 

imbalance when 

multiple batteries are 
connected 

- Optimal scheduling 

algorithm necessary 
for battery lifecycle 

improvement 

𝐹𝑜𝑟 0 ≤ 𝑑2 < 𝑑1 < 1 

𝑃 =
𝑛𝑉𝑖𝑛𝑉𝑥

2𝑓𝑠𝐿 
[(𝑑2(1 − 𝑑2) −

1

2
𝑑1

2)] 𝐹𝑜𝑟 0 ≤ 𝑑1 ≤ 𝑑2 <

1 

𝑃 =
𝑛𝑉𝑖𝑛𝑉𝑥

2𝑓𝑠𝐿 
[(𝑑2(1 − 𝑑1 −

1

2
𝑑2)]  

[70]  

PV, wind 

Current fed -

resonant tank 

Sw 

L 

N 
P 

IV 

OV 
SF(kHz) 

RF(kHz) 

ɳ (%) 

2 

1 

1:3 
1k 

48 

310 
150 

200 

93 

Variable 

Frequency 

control 

ZCS operation 

Less number of 

switches 
Less loss 

Suitable for 

different type of 
sources 

- At minimum load 

efficiency very low 

- Voltage stress across 

the switches high 

under minimum load 

𝑉𝑑𝑐

𝑉1
= 

(1+
𝑉2
𝑉1

)𝑛

(1−2𝑓𝑠(𝑇54+𝑇43+𝑇32+𝑇21)
 

[71] 

Multiple 

sources 

Multi element 

resonant 

Sw 

L 

N 
P 

IV 

OV 
SF(kHz) 

RF(kHz) 

ɳ (%) 

12 

5 

4:5:1 
750 

92,115 

230 
95 

110 

96.3 

PWM and 

phase shift 

decoupling 

Response time and 

maximum 

overshoot is 
considerably 

reduced 

Smooth power 
sharing is achieved 

- Poor response for 

dynamic changes of 

load 

- Battery SOC not taken 

into consideration 𝛴 

𝑉𝑝 =

𝑗𝜔𝐿𝑘(𝑛(𝑝−1)𝑝𝑖𝐿(𝑝−1) + ⋯ +

𝑛1𝑝𝑖𝐿1) +
4

𝜋
𝑉_𝑇𝑝  

[64] 

Battery, 

FC 

Triple port 

active bridge 

Sw 

L 

N 
P 

IV 

OV 

SF(kHz) 

RF(kHz) 

ɳ (%) 

12 

4 

2:1:4 
1k 

56,30 

220 

25 

NA 

94.5 

PWM and 

phase shift 

decoupling 

Response time and 

maximum 

overshoot is 
considerably 

reduced 

Smooth power 

sharing is achieved 

- Poor response for 

dynamic changes of 
load 

- Battery SOC not taken 

into consideration 

𝑃𝑥 =

∑
𝑉𝑥𝑛

′ 𝑉(𝑥−1)𝑛𝑠𝑖𝑛(𝜃𝑥𝑛)

(2𝑛−1)𝑋𝐿
+∞

𝑛=1

⋯ + 𝑉𝑥𝑛
′ 𝑉(𝑥+1)𝑛𝑠𝑖𝑛(𝜃𝑥𝑛 −

𝜃(𝑥+1)𝑛)  

[72]  

Fuel cell, 

battery, 
SC 

Three port 

active bridge 

Sw 

L 

N 
P 

IV 

OV 
SF(kHz) 

RF(kHz) 

ɳ (%) 

12 

 

5:1:5 
400 

60,13 

60 
20 

NA 

95 

Phase shift 

and PWM 

Suitable for wide 

range of voltage 

applications 
Conduction losses 

are high  

ZVS achieved 

- Switching losses are 

high at light load 
efficiency is less 

- Better optimization 

algorithm needed for 
optimal load sharing 

during dynamic load 

change  

𝑉𝑥
𝑛 =

𝑉𝑠𝑐
𝑛

(1 −
𝜆1

𝑀0
) 𝑀1,3

𝑀0

 

[69]  

PV, 
battery 

Interleaved 

buck boost 
and full 

bridge  

Sw 

L 
N 

P 

IV 
OV 

SF(kHz) 

RF(kHz) 
ɳ (%) 

4 

3 
1:2 

100 

28 
12 

100 

NA 
90 

PWM and 

Phase angle 
shift 

High power 

density 
ZVS achieved 

under some load 

condition 

- ZVS not achieved 

during battery 
charging 

- Primary switch 

conduction loss is high 

𝑉𝑜 = 𝑉𝑏𝑎𝑡
𝑑𝑠1

1−𝑑𝑇0
= 𝑉𝑢𝑐

𝑑𝑠1

1−𝑑𝑇0
  

𝑉𝑜 =
𝑉𝑢𝑐

𝑑𝑄0
  

𝑉𝑜 = 𝑉𝑏𝑎𝑡
𝑑𝑠1

1−𝑑𝑇0
= 𝑉𝑢𝑐

1

1−𝑑𝑇0
  

[73]  

PV, 
battery 

Modified half 

bridge 

Sw 

L 
N 

P 

IV 
OV 

SF(kHz) 

RF(kHz) 
ɳ (%) 

5 

1 
1:2 

200 

60 
28 

500 

NA 
92 

Digital 

control 
˗ Centralized control 

Smooth transition 

between states 

- Controller design is 

little complicated 

- Control loop 

decoupling is 

necessary 

𝑉𝑜 =
(1+𝐷′)

(1−𝐷′)
[

1

1−𝐷
𝑉𝑝𝑣]  

𝐼𝑜 =
(1−𝐷′)

(1+𝐷′)
[(1 − 𝐷)𝐼𝑝𝑣]  

*Sw-Number of switches, L- Number of inductors, N-Turns ratio, P-power, IV- Input voltage, OV-Output voltage, SF-Switching 

frequency, RF-Resonant frequency, ɳ -Efficieny 
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3. FUTURE SCOPE AND INFERENCES 

From the discussions came to know that the future of vehicle charging converters will rely on resonant 

converters that operate under high power density and efficiency with a reduced operating frequency range. To 

achieve ZVS, a resonant tank is added to the on-board charger between the full-bridge rectifier and isolated 

phase-shift controlled full-bridge converter with fixed frequency control, achieving 97% efficiency, which is 

7% higher than the hard switching charger. CLLC resonant converter with an asymmetrical design is suitable 

for vehicle charging applications due to the different forward and reverse voltage gains. When comparing half-

bridge and full-bridge CLLC converters, the half-bridge performs better in efficiency and cost. Most common 

among the control techniques, the PWM is employed by generating switching signals based on the duty ratio 

depending on the small signal-averaged model and frequency domain analysis to improve the performance for 

small disturbances. An intelligent controller has been used to improve the transient and robustness of the large-

signal stability analysis.  

This implies that only one source can be utilized at a time to meet the load demand. The other 

limitations are zero voltage clamp, voltage range, and complex voltage regulation based on the topology. The 

future scope of MI converters is the development with reduced size, cost, and both DC and AC output with the 

best control of sources with high efficiency and voltage range. The future of power electronics depends on SiC 

[74], Ga2O3 and Ga2O3 [75] ultra-wide bandgap semiconductor switches, which replace the Si switches with 

increased bandwidth, high switching speed, and high-power handling capacity. The remarkable properties of 

these devices are faster switching speed, lower on-resistance, lower reverse recovery loss, lower parasitic 

parameters, and suitable for high operating frequency occasions. The implementation of hybrid control like 

machine learning with MPC and artificial intelligence-based converters are the future perspectives to make 

smart converters to enhance the good energy management of multiple sources.  
 

 

4. CONCLUSION 

With reduced complexity and easy implementation, the MI converter reduces costs and losses. The 

future research focuses on MI converter which provides both AC and DC at the output suitable for both on-

board and off-board chargers. The non-isolated MI converter limits its voltage range, whereas the isolated MI 

converter with increased freedom allows the system to operate more flexibly and reliably. The DAB converter 

plays a significant role in bidirectional operation for high-power applications. The main concern is reducing 

the system's size, loss, and cost by introducing the resonant tank that operates under high frequency. The 

various resonant circuit combinations find different applications based on their natural characteristics. In the 

resonant tank, the series and parallel LC resonant circuit perform better for vehicle applications where both 

series and parallel LC characteristics are combined. In wireless charging, the isolated MI converter with a 

resonant tank may also find its applications for increasing efficiency and achieving fast charging. So, future 

research is developing an MI resonant converter to avoid the MI -DAB converter shortcomings with compact 

size and wide voltage range. Based on the review, the development of MI MI-based resonant converter is 

suggested for EV applications for high power density and high efficiency. The major challenge is to raise its 

optimal control of input and output voltages with the increased power density and voltage range, which 

supports battery charging and fast charging. From various perspectives, MI bidirectional converters have been 

investigated specifically for EV applications. The MI converter has applications in EV and renewable energy 

nowadays and many industrial applications like telecommunications and satellites. 
 

 

APPENDIX 

 

 

Table 3. Comparative study of non-isolated MI converters 
Input 

sources 

Type of 

converter 

Specifications* Control Advantages Remarks Voltage gain/cost 

function 

[54] 

Multiple 

sources 

Switched 

resonant 

converters 

Sw 

L 

C 
P(W) 

IV(V) 

OV(V) 
SF(kHz) 

RF(kHz) 

ɳ (%) 

I+O 

I+O 

1 
200 

240 

150 
250 

116k 

93.5 

Route 

matrix 

method  

˗ No transformer used 

˗ ZCS operation 

achieved 

- Connected with 

forward-

conducting 
bidirectional-

blocking switch 

- Capable of 

arbitrary power 

routing 

𝑉𝑜

𝑉𝑖
= √2𝑅𝐶𝑟𝑓_𝑠  

𝑓𝑝𝑟 =
1

2π√𝐿𝑟0𝐶𝑟
=

𝜔𝑟

2𝜋
  

𝑍𝑟 = √𝐿𝑟0𝐶𝑟  
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Table 3. Comparative study of non-isolated MI converters (continued) 
Input 

sources 

Type of 

converter 

Specifications* Control Advantages Remarks Voltage gain/cost 

function 

[55]  

3 Battery/3 

SC 

Buck boost Sw 

L 

C 
P(W) 

IV(V) 

OV(V) 
SF(kHz) 

RF(kHz) 

ɳ (%) 

I+1 

1 

1 
110 

230 

110 
10 

NA 

97 

PWM, Fuzzy ̠ Sources with different 

voltage levels can be 
integrated  

Effective control of 

source based on their 
energy level 

- Works well even in 

the absence of one 

source 

- Decoupled current 

and voltage 

controller employed 

For unequal voltage 

source,  

𝑉𝑜 =
𝑉1𝑑1+𝑉2𝑑2+𝑉3𝑑3

1−𝑑3
  

For equal voltage 

source, 

𝑉𝑜 =
3𝑉𝑑

1−𝑑
  

 [30]  

PV, battery 

Buck TPC Sw 

L 

C 
P(W) 

IV(V) 

OV(V) 
SF(kHz) 

RF(kHz) 

ɳ (%) 

3 

1 

3 
35 

30 

5 
20k 

NA 

89 

Voltage 

regulator, 

PWM 

˗ Minimum number of 

magnetic components 

˗ Compact in size  

˗ Simple and easy to 

implement 

- No soft switching 

available 

- Suitable for 

integrating RES and 

storage devices 

𝑉𝑜 = 𝐷1𝑉𝑖𝑛 +  
(𝐷2 − 𝐷1)𝑉𝑏  

 [31]  

3I PV, FC, 

battery 

Buck and boost Sw 

L 

C 
P(W) 

IV(V) 

OV(V) 
SF(kHz) 

RF(kHz) 

ɳ (%) 

6 

2 

5 
8.3k 

80 

210 
25k 

NA 

91 

PWM ˗ Both unidirectional and 

bidirectional ports 
available  

˗ Suitable for high voltage 

applications 

- Number of 

switches, diodes 

and capacitors are 
more  

- High switching 
losses  

- No ZCS operation 

𝑉𝑜 =
(1+𝐷′)

(1−𝐷′)
[

1

1−𝐷
𝑉𝑝𝑣]  

𝐼𝑜 =
(1−𝐷′)

(1+𝐷′)
[(1 − 𝐷)𝐼𝑝𝑣]  

[32]  

3I PV, FC, 

battery 

Buck-boost and 

boost 

Sw 

L 

C 
P(W) 

IV(V) 

OV(V) 

SF(kHz) 

RF(kHz) 

ɳ (%) 

4 

2 

2 
152 

35 

280 

30 

NA 

92 

PWM ˗ Multiple sources can be 

active 

˗ Combination of 
unidirectional and 

bidirectional power flow 

- No ZVS and ZCS 

operation 

- Losses high 

- Hard switching 

𝑀 =
(1 + 𝐷2 − 𝐷)

(1 − 𝐷)2
 

[33]  

3I PV, FC, 

Battery 

Boost Sw 

L 

C 
P(W) 

IV(V) 

OV(V) 
SF(kHz) 

RF(kHz) 

ɳ (%) 

4 

2 

2 
80 

20 

110 
30k 

NA 

86 

PI, PWM ˗ Reduced losses 
Individual sources can 

be operated 

˗ Voltage stress is high 

during maximum load 

- ZVS and ZCS 

operation not 
achieved 

- Efficiency is low at 

max load 

𝑉𝑜

= [(𝑑3 − 𝑑2)(𝑉𝐹𝐶

+ 𝑑1𝑉𝑏𝑎𝑡𝑡 − 𝑟2𝑖𝐿2
) + 

(1 − 𝑑3)(𝑉𝑝𝑣 + 𝑑1𝑉𝑏𝑎𝑡𝑡

− 𝑟1𝑖𝐿1
)]/(1 − 𝑑3)(𝑑1

− 𝑑2) 

[34]  

2I Battey 
SC 

Buck and 

bidirectional 
converters 

Sw 

L 
C 

P(W) 

IV(V) 
OV(V) 

SF(kHz) 

RF(kHz) 
ɳ (%) 

5 

2 
2 

3k 

120 
120 

20k 

NA 
92 

Fuzzy and PI ̠ Proved that the battery 
life cycle has been 

improved 

˗ Bidirectional operation 

can be achieved 

smoothly 

- ZVS and ZCS not 

achieved so 
switching losses 

high 

- Current stress is 
high at minimum 

load 

𝑉𝑜 = 𝑉𝑏𝑎𝑡

𝑑𝑠1

1 − 𝑑𝑇0

= 𝑉𝑢𝑐

𝑑𝑠1

1 − 𝑑𝑇0

 

𝑉𝑜 = 𝑉𝑏𝑎𝑡

𝑑𝑠1

1 − 𝑑𝑇0

= 𝑉𝑢𝑐

1

1 − 𝑑𝑇0

 

[56]  

2I Battery, 
SC 

Buck-boost/buck Sw 

L 
C 

P(W) 

IV(V) 
OV(V) 

SF(kHz) 

RF(kHz) 
ɳ (%) 

4 

2 
1 

1k 

36 
48 

20k 

NA 
93 

PI ˗ Applicable for low 

power applications 

˗ Reduced losses due to 

less no of switches 

˗ High efficiency 

- Efficiency is higher 

for charging mode 
than discharging 

mode 

- ZVS and ZCS not 
achieved so 

switching losses 
high 

𝑉𝑜 = 𝑉1
𝑑𝑠1

1−𝑑𝑇0
  

= 𝑉2

𝑑𝑠2

1 − 𝑑𝑇0
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Table 3. Comparative study of non-isolated MI converters (continued) 
Input 

sources 
Type of 

converter 
Specifications* Control Advantages Remarks Voltage gain/cost 

function 

[42]  

PV, 

Multiple 
battery 

Single 

inductor 

Multiple 
port 

Sw 

L 

C 
P(W) 

IV(V) 

OV(V) 
SF(kHz) 

RF(kHz) 

ɳ (%) 

2I+3 

I+2 

I+1 
200 

50 

80 
10k 

NA 

96 

MPC ˗ Less no of 

components 

˗ Less control 
complexity 

˗ Execution time is 

35µs which is less 

˗ Switching loss is 

high due to hard 
switching 

˗ Not suitable for 

higher rating 

𝐽

= ∑  

𝑁𝑐

𝑗=1 

 [𝑣𝑅𝑒𝑓 − 𝑣𝐵𝑢𝑠(𝑘

+ 𝑗 )2 

[57] 

Battery, 

SC 

Modified 

inverter 

model 

Sw 

L 

C 
P(W) 

IV(V) 

OV(V) 

SF(kHz) 

RF(kHz) 

ɳ (%) 

6 

2 

1 
5k 

144 

300 

20k 

NA 

94 

PWM ˗ Sources can be 
independently 

operated 

˗ Less control 

complexity 

˗ Less components 

˗ ZVS and ZCS not 
achievable. 

˗ Operation under 

light load reduce 

efficiency 

𝑀1 =
𝑉𝐵𝑡

𝑉𝑑𝑐

=
1 − 𝑑2

𝑑1

 

𝑀1 =
𝑉𝑈𝐶

𝑉𝑑𝑐

=
1 − 𝑑2

𝑑2

 

[58] Solar, 

battery 

Double 

input buck 

Sw 

L 
C 

P(W) 

IV(V) 
OV(V) 

SF(kHz) 

RF(kHz) 
ɳ (%) 

2 

1 
1 

800 

220 
180 

100k 

NA 
92 

One cycle 

controller 
˗ Less loss due to 

less components 

˗ Easy to control 

˗ Not suitable for 
high power 

applications 

˗ Conduction 

Losses are more 

𝑉𝑜

= [
(1 − 𝑑1 + 𝑑2)

𝑑2(1 − 𝑑1)
] 𝑉𝑔2

− 

[
(1 − 𝑑2)

𝑑2(1 − 𝑑1)
] 𝑉𝑔1

 

*Sw-Number of switches, L- Number of inductors, N-Turns ratio, P-power, IV- Input voltage, OV-Output voltage, SF-Switching 

frequency, RF-Resonant frequency, ɳ -Efficiency 

 
 

ACKNOWLEDGEMENTS  

The authors would like to acknowledge the support from The Royal Academy of Engineering, Award 

reference No. TSP-2325-5-IN\172. This work has been carried out in School of Electrical Engineering, Vellore 

Institute of Technology, Vellore, India. 
 

 

REFERENCES  
[1] S. Tanzim Meraj, et al., “A filter less improved control scheme for active/reactive energy management in fuel cell integrated grid 

system with harmonic reduction ability,” Applied Energy, vol. 312, Apr. 2022, doi: 10.1016/J.APENERGY.2022.118784. 

[2] Rachid Touileb, Ahmed Abbou “Evaluation of energy management system of a hybrid energy source in EV,” International Journal 
of Power Electronics and Drive Systems (IJPEDS), vol. 14, No. 4, December 2023, pp. 1911~1918, doi: 

10.11591/ijpeds.v14.i4.pp1911-1918. 

[3] S. T. Meraj, S. S. Yu, M. S. Rahman, K. Hasan, M. S. Hossain Lipu, and H. Trinh, “Energy management schemes, challenges and 
impacts of emerging inverter technology for renewable energy integration towards grid decarbonisation,” Journal of Cleaner 

Production, vol. 405, Jun. 2023, doi: 10.1016/J.JCLEPRO.2023.137002. 

[4] Y. Balali and S. Stegen, “Review of energy storage systems for vehicles based on technology, environmental impacts, and costs,” 
Renewable and Sustainable Energy Reviews, vol. 135, p. 110185, Jan. 2021, doi: 10.1016/J.RSER.2020.110185. 

[5] B. Mangu, S. Akshatha, S. Member, D. Suryanarayana, and B. G. Fernandes, “Grid-Connected PV-Wind-Battery-Based 

Bidirectional DC-DC Converter for Household Applications,” IEEE Journal of Emerging and Selected Topics in Power Electronics, 

vol. 4, no. 3, pp. 1086–1095, 2016, doi: 10.1109/JESTPE.2016.2544789. 

[6] D. Liu and H. Li, “A ZVS Bi-Directional DC–DC Converter for Multiple Energy Storage Elements,” IEEE Transactions on Power 

Electronics, vol. 21, no. 5, pp. 1513–1517, 2023. 
[7] D. L. L. Bird, M. Milligan, “Integrating Variable Renewable Energy: Challenges and Solutions,” National Renewable Energy 

Laboratory, 2013. [Online]. Available: https://www.nrel.gov/docs/fy13osti/60451.pdf. 

[8] A. K. Bhattacharjee, N. Kutkut, and I. Batarseh, “Review of Multiport Converters for Solar and Energy Storage Integration,” IEEE 
Transactions o Power Electronics., vol. 34, no. 2, pp. 1431–1445, 2019, doi: 10.1109/TPEL.2018.2830788. 

[9] M. Rajalakshmi, K. S. Prashant, G. Sivagnanam, A. Bhartia, W. R. Sultana and A. Chitra, “Design and Analysis of Multi-input 

CLLC Converter for Charging Application,” in 2021 Innovations in Power and Advanced Computing Technologies (i-PACT), Kuala 
Lumpur, Malaysia, 2021, pp. 1-7, doi: 10.1109/i-PACT52855.2021.96967193. 

[10] S. Khosrogorji, M. Ahmadian, H. Torkaman, and S. Soori, “Multi-input DC / DC converters in connection with distributed generation 

units – A review,” Renewable and Sustainable Energy Reviews, vol. 66, pp. 360–379, 2016, doi: 10.1016/j.rser.2016.07.023. 
[11] N. Zhang, D. Sutanto, and K. M. Muttaqi, “A review of topologies of three-port DC-DC converters for the integration of renewable 

energy and energy storage system,” Renewable and Sustainable Energy Reviews, vol. 56, pp. 388–401, Apr. 01, 2016. doi: 

10.1016/j.rser.2015.11.079. 
[12] K. Jyotheeswara Reddy and S. Natarajan, “Energy sources and multi-input DC-DC converters used in hybrid electric vehicle 

applications – A review,” International Journal of Hydrogen Energy, vol. 43, no. 36, pp. 17387–17408, Sep. 06, 2018. doi: 

10.1016/j.ijhydene.2018.07.076. 

[13] S. Bairabathina and S. Balamurugan, “Review on non-isolated multi-input step-up converters for grid-independent hybrid electric 

vehicles,” International Journal of Hydrogen Energy, vol. 45, no. 41, pp. 21687–21713, 2020. doi: 10.1016/j.ijhydene.2020.05.277. 



      ISSN: 2088-8694 

Int J Pow Elec & Dri Syst, Vol. 16, No. 1, March 2025: 321-334 

332 

[14] A. Affam, Y. M. Buswig, A. K. B. H. Othman, N. Bin Julai, and O. Qays, “A review of multiple input DC-DC converter topologies 

linked with hybrid electric vehicles and renewable energy systems,” Renewable and Sustainable Energy Reviews, vol. 135, Jan. 01, 
2021. doi: 10.1016/j.rser.2020.110186. 

[15] S. Reddi Khasim and C. Dhanamjayulu, “Selection parameters and synthesis of multi-input converters for electric vehicles: An 

overview,” Renewable and Sustainable Energy Reviews, vol. 141, May 2021, doi: 10.1016/j.rser.2021.110804. 
[16] Shehata, Mariam K, et al., “Sliding-mode control for boost converters under voltage and load variations.” International Journal of 

Power Electronics and Drive Systems (IJPEDS), vol 14, no. 3, pp 1615-1623, Sep. 2023, doi: 10.11591/ijpeds.v14.i3.pp1615. 

[17] S. G. Barbosa, L. H. S. C. Barreto, and D. de S. Oliveira, “A Single-Stage Bidirectional AC-DC Converter Feasible for On-board 
Battery Chargers,” IEEE Journal of Emerging and Selected Topics in Power Electronics, vol. 6777, no. c, pp. 1–1, 2021, doi: 

10.1109/jestpe.2021.3108958. 

[18] Y. Tran, F. D. Freijedo, and D. Dujic, “Open-Loop Power Sharing Characteristic of a Three-Port Resonant LLC Converter,” CPSS 
Transactions on Power Electronics Application, vol. 4, no. 2, pp. 171–179, 2019. 

[19] F. Jin, A. Nabih, T. Yuan and Q. Li, “A High-Efficiency High-Density Three-Phase CLLC Resonant Converter With a Universally 

Derived Three-Phase Integrated Transformer for On-Board-Charger Application,” IEEE Transactions on Power Electronics, vol. 
39, no. 4, pp. 4350-4366, Apr. 2024, doi: 10.1109/TPEL.2024.3354679.  

[20] Sultana WR, Sahoo SK, Sukchai S, Yamuna S, Venkatesh D. “A review on state of art development of model predictive control for 

renewable energy applications,” Renewable and sustainable energy reviews, vol. 76, pp. 391-406, 2017, doi: 10.1016/j.rser.2017.03.058. 
[21] K. M. Nisar, A. Sivaprasad, S. Kumaravel, and P. Ananthakrishnan, “Implementation of Closed Loop Controller in a Dual Input DC-

DC Converter for DC- Microgrid Application,” in 2016 IEEE Annual India Conference, 2016, doi: 10.1109/INDICON.2016.7839111. 

[22] F. Mumtaz, N. Zaihar Yahaya, S. Tanzim Meraj, B. Singh, R. Kannan, and O. Ibrahim, “Review on non-isolated DC-DC converters 
and their control techniques for renewable energy applications,” Ain Shams Engineering Journal, 2021, doi: 

10.1016/j.asej.2021.03.022. 

[23] S. Chakraborty, H. Vu, M. M. Hasan, D. Tran, M. El Baghdadi, and O. Hegazy, “DC-DC Converter Topologies for Electric 
Vehicles, Plug-in Hybrid Electric Vehicles and Fast Charging Stations: State of the Art and Future Trends,” Energies, vol. 12, no. 

8, 2019, doi: 10.3390/en12081569. 
[24] Z. Sun and S. Bae, “Multiple-input Soft-switching Cuk Converter,” in 2017 IEEE Energy Conversion Congress and Exposition 

(ECCE), 2017, doi: 10.1109/ECCE.2017.8096442. 

[25] K. Varesi, S. H. Hosseini, M. Sabahi, and E. Babaei, “Modular non-isolated multi-input high step-up dc – dc converter with reduced 
normalised voltage stress and component count,” IET Power Electronics, vol. 11, no. 6, pp. 1092–1100, 2018, doi: 10.1049/iet-

pel.2017.0483. 

[26] B. L. Nguyen, H. Cha, T. Nguyen, and H. Kim, “Family of Integrated Multi-Input Multi-Output DC-DC Power Converters,” in 
2018 International Power Electronics Conference, 2018, pp. 3134–3139, doi: 10.23919/IPEC.2018.8507791. 

[27] N. D. Benavides, S. Member, P. L. Chapman, and S. Member, “Power Budgeting of a Multiple-Input Buck-Boost Converter,” IEEE 

Transactions on Power Electronics, vol. 20, no. 6, pp. 1303–1309, 2005, doi: 10.1109/TPEL.2005.857531. 
[28] S. K. Haghighian, S. Tohidi, M. R. Feyzi, and M. Sabahi, “Design and analysis of a novel SEPIC-based multi-input DC / DC 

converter,” IET Power Electronics Review., vol. 10, no. 12, pp. 1393–1402, 2017, doi: 10.1049/iet-pel.2016.0654. 

[29] A. Khaligh, J. Cao, and Y. J. Lee, “A multiple-input DC-DC converter topology,” IEEE Transactions on Power Electronics, vol. 
24, no. 3, pp. 862–868, 2009, doi: 10.1109/TPEL.2008.2009308. 

[30] H. Zhang, D. Dong, M. Jing, W. Liu, and F. Zheng, “Topology Derivation of Multiple-Port DC-DC Converters Based on Voltage-

Type Ports,” IEEE Transactions on Power Electronics, vol. 0046, no. c, 2021, doi: 10.1109/TIE.2021.3078389. 
[31] E. B. Ghavidel Behnam Zamanzad and S. H. Hosseini, “An Improved Three-Input DC-DC Boost Converter for Hybrid PV / FC / 

Battery and Bidirectional Load as Backup System for Smart Home,” in International Power Electronics, Drive Systems and 

Technologies Conference (PEDSTC), 2019, pp. 12–14. 
[32] F. Kardan, R. Alizadeh, and M. R. Banaei, “A New Three Input DC / DC Converter for Hybrid PV / FC / Battery Applications,” 

IEEE Journal of Emerging on Selected. Topics in Power Electronics, vol. 5, no. 4, pp. 1771–1778, 2017. 

[33] R. R. Ahrabi, H. Ardi, M. Elmi, and A. Ajami, “A Novel Step-Up Multiinput DC – DC Converter for Hybrid Electric Vehicles 
Application,” IEEE Transactions on Power Electronics, vol. 32, no. 5, pp. 3549–3561, 2017. 

[34] F. Akar, Y. Tavlasoglu, and B. Vural, “An Energy Management Strategy for a Concept Battery / Ultracapacitor Electric Vehicle 

With,” IEEE Transactions on Transportation Electrification., vol. 3, no. 1, pp. 191–200, 2017. 
[35] A. A. Ferreira, J. A. Pomilio, S. Member, G. Spiazzi, and L. D. A. Silva, “Energy Management Fuzzy Logic Supervisory for Electric 

Vehicle Power Supplies System,” IEEE Transactions on Power Electronics., vol. 23, no. 1, pp. 107–115, 2008. 

[36] U. Manandhar, B. Wang, X. Zhang, G. H. Beng, Y. Liu, and A. Ukil, “Joint Control of Three-Level DC-DC Converter Interfaced 
Hybrid Energy Storage System in DC Microgrids,” IEEE Transactions on Energy Conversion., vol. 34, no. 4, pp. 2248–2257, 2019, 

doi: 10.1109/TEC.2019.2935787. 

[37] J. I. A. O. Tong, Z. H. A. N. G. Xi'nan, W. A. N. G. Benfei, C. U. I. Guangquan, and M. A. Wanzhong, “A Multiple-Port Three-
Level DC/DC Converter for HESS with Power Sharing in DC Microgrids,” Chinese Journal of. Electronics, vol. 30, no. 3, pp. 570–

583, 2021, doi: 10.1049/cje.2021.04.011. 

[38] B. Wang, et al., “Consensus-Based Control of Hybrid Energy Storage System with a Cascaded Multiport Converter in DC 
Microgrids,” IEEE Transactions on Sustainable Energy, vol. 11, no. 4, pp. 2356–2366, 2020, doi: 10.1109/TSTE.2019.2956054. 

[39] P. Lin, T. Zhao, B. Wang, Y. Wang, and P. Wang, “A Semi-Consensus Strategy Toward Multi-Functional Hybrid Energy Storage 

System in DC Microgrids,” IEEE Transaction on Energy Conversion, vol. 35, no. 1, 2020, doi: 10.1109/TEC.2019.2936120. 
[40] L. Saeed, M. Y. Ali Khan, S. H. Khan, and M. Azhar, “Design and control for a multiport DC-DC boost converter with battery 

backup for microgrid,” in International Conference on Engineering and Emerging Technologies ICEET 2019, 2019, doi: 

10.1109/CEET1.2019.8711859. 
[41] X. Zhang, B. Wang, U. Manandhar, and S. Member, “A Model Predictive Current Controlled Bidirectional Three-Level DC/DC 

Converter for Hybrid Energy Storage System in DC Microgrids,” IEEE Transactions on Power Electronics, vol. 34, no. 5, pp. 

4025–4030, 2019, doi: 10.1109/TPEL.2018.2873765. 
[42] B. Wang, et al., “Hybrid energy storage system using bidirectional single-inductor multiple-port converter with model predictive control 

in DC microgrids,” Electrical Power Systems Research, vol. 173, no. April, pp. 38–47, 2019, doi: 10.1016/j.epsr.2019.03.015. 

[43] F. Akar, Y. Tavlasoglu, E. Ugur, B. Vural, and I. Aksoy, “A Bidirectional Non-isolated Multi-Input DC-DC Converter for Hybrid 
Energy Storage Systems in Electric Vehicles,” IEEE Transactions on Vehicular Technology, vol. 65, no. 10, pp. 7944–7955, 2016, 

doi: 10.1109/TVT.2015.2500683. 

[44] K. Filsoof and P. W. Lehn, “A bidirectional multiple-input multiple-output modular multilevel DC-DC converter and its control 

design,” IEEE Transaction on Power Electronics, vol. 31, no. 4, pp. 2767–2779, 2016, doi: 10.1109/TPEL.2015.2448112. 



Int J Pow Elec & Dri Syst  ISSN: 2088-8694  

 

Review on multi-input DC-DC converters topologies for electric vehicle charging … (M. Rajalakshmi) 

333 

[45] Sarkar, Sukrashis, and Anandarup Das. “An isolated single input-multiple output DC–DC modular multilevel converter for fast 
electric vehicle charging.” IEEE Journal of Emerging and Selected Topics in Industrial Electronics vol. 4, no. 1, pp. 178-187, 2022. 

[46] K. Filsoof and P. W. Lehn, “A bidirectional modular multilevel DC-DC converter of triangular structure,” IEEE Transaction on 

Power Electronics, vol. 30, no. 1, pp. 54–64, 2015, doi: 10.1109/TPEL.2014.2307004. 
[47] X. Sun, Y. Zhou, W. Wang, B. Wang, and Z. Zhang, “Alternative Source-Port-Tolerant Series-Connected Double-Input DC–DC 

Converter,” IEEE Transactions on Power Electronics, vol. 30, no. 5, pp. 2733–2742, 2015, doi: 10.1109/TPEL.2014.2352269. 

[48] M. Waseem, L. Saeed, M. Yasir, A. Khan, J. Saleem, and A. Majid, “A Multi Input Multi Output Bidirectional DC-DC Boost Converter 
with Backup Battery Port,” in 2018 1st International Conference on Power, Energy and Smart Grid (ICPESG), 2018, pp. 1–6. 

[49] B. D. Mode, H. Kim, S. Member, J. Maeng, G. S. Member, and A. P. Art, “A 90.2% Peak Efficiency Multi-Input Single-Inductor 

Multi-Output Energy Harvesting Interface With Double-Conversion Rejection,” IEEE Journal on Solid-State Circuits, vol. 56, no. 
3, pp. 961–971, 2021, doi: 10.1109/JSSC.2020.3025722. 

[50] Z. Dong, Z. Li, X. L. Li, C. K. Tse, and Z. Zhang, “Single-Inductor Multiple-Input Multiple-Output Converter with Common Ground, High 

Scalability, and No Cross-Regulation,” IEEE Transaction on Power Electronics, vol. 36, no. 6, 2021, doi: 10.1109/TPEL.2020.3036704. 
[51] A. Cardoza and A. Kwasinski, “Averaged MIMO Converter Modeling for Active Power Distribution Node Enhanced 

Reconfigureureurable Grids,” in 7th International IEEE Conference on Renewable Energy Research and Applications, ICRERA 

2018, 2018, vol. 5, pp. 721–726. doi: 10.1109/ICRERA.2018.8566838. 
[52] J. Morroni, L. Corradini, R. Zane, and D. Maksimović, “Adaptive tuning of switched-mode power supplies operating in 

discontinuous and continuous conduction modes,” IEEE Transaction on Power Electronics, vol. 24, no. 11, pp. 2603–2611, 2009, 

doi: 10.1109/TPEL.2009.2029334. 
[53] A. Mirzaei, A. Jusoh, Z. Salam, E. Adib, and H. Farzanehfard, “Analysis and design of a high efficiency bidirectional DC-DC 

converter for battery and ultracapacitor applications,” Simulation Modelling Practice and Theory, vol. 19, no. 7, pp. 1651–1667, 

2011, doi: 10.1016/j.simpat.2011.04.007. 
[54] M. Jabbari and M. S. Dorcheh, “Resonant Multi-input/Multi-output/Bidirectional ZCS Step-Down DC-DC Converter with 

Systematic Synthesis for Point-To-Point Power Routing,” IEEE Transaction on Power Electronics, vol. 33, no. 7, pp. 6024–6032, 

Jul. 2018, doi: 10.1109/TPEL.2017.2749326. 
[55] P. Hema Rani, S. Navasree, S. George, and S. Ashok, “Fuzzy logic supervisory controller for multi-input non-isolated DC to DC 

converter connected to DC grid,” International Journal of Electrical Power & Energy Systems, vol. 112, pp. 49–60, Nov. 2019, 

doi: 10.1016/j.ijepes.2019.04.018. 
[56] F. Akar, S. Member, Y. Tavlasoglu, E. Ugur, and S. Member, “A Bidirectional Non-isolated Multi-Input DC – DC Converter for 

Hybrid Energy Storage Systems in Electric Vehicles,” IEEE Transaction on Vehicular Technology, vol. 65, no. 10, pp. 7944–7955, 

2016, doi: 10.1109/TVT.2015.2500683. 
[57] A. Hintz, U. R. Prasanna, and K. Rajashekara, “Novel Modular Multiple-Input Bidirectional DC–DC Power Converter (MIPC) for 

HEV/FCV Application,” IEEE Transaction on Industrial Electronics, vol. 62, no. 5, 2015, doi: 10.1109/TIE.2014.2371778. 

[58] D. Yang, M. Yang, and X. Ruan, “One-Cycle Control for a Double-Input DC/DC Converter,” IEEE Transaction on Power 
Electronics., vol. 27, no. 11, pp. 4646–4655, 2012, doi: 10.1109/TPEL.2011.2164582. 

[59] X. Lin, J. Wang, and P. Wang, “Partly-isolated four-port converter based on bidirectional full-bridge DC / DC converter,” in 2018 

13th IEEE Conference on Industrial Electronics and Applications (ICIEA), 2018, doi: 10.1109/ICIEA.2018.8397730. 
[60] Venkat Nag Someswar Rao Jakka, Anshuman Shukla, Georgios D. Demetriades, “Dual-Transformer-Based Asymmetrical Triple-

Port Active Bridge (DT-ATAB) Isolated DC–DC Converter,” IEEE Transactions on Industrial Electronics, vol. 64, no. 6, pp. 4549–

4560, 2017, doi: 10.1109/TIE.2017.2674586. 
[61] R. Wai, S. Member, and J. Liaw, “High-Efficiency-Isolated Single-Input Multiple-Output Bidirectional Converter,” IEEE 

Transaction on Power Electronics, vol. 30, no. 9, pp. 4914–4930, 2015, doi: 10.1109/TPEL.2014.2364817. 

[62] H. Fan and H. Li, “High-frequency transformer isolated bidirectional DC-DC converter modules with high efficiency over wide 
load range for 20 kVA solid-state transformer,” IEEE Transaction on Power Electronics, vol. 26, no. 12, pp. 3599–3608, 2011, doi: 

10.1109/TPEL.2011.2160652. 

[63] V. Karthikeyan and R. Gupta, “Multiple-Input Configuration of Isolated Bidirectional DC-DC Converter for Power Flow Control in 
Combinational Battery Storage,” IEEE Transaction on Industrial Informatics, vol. 14, no. 1, 2018, doi: 10.1109/TII.2017.2707106. 

[64] I. Biswas, D. Kastha, and P. Bajpai, “Small Signal Modeling and Decoupled Controller Design for a Triple Active Bridge Multiport 
DC-DC Converter,” IEEE Transaction on Power Electronics, vol. 36, no. 2, pp. 1856–1869, 2021, doi: 10.1109/TPEL.2020.3006782. 

[65] J. M. M. Gonzalez-Gonzalez, A. Trivino, and J. A. Aguado, “Model Predictive Control to Maximise the Efficiency in EV Wireless 

Chargers,” IEEE Transactions on Industrial Electronics, vol. 69, no. 2, pp. 1244–1253, 2021, doi: 10.1109/TIE.2021.3057006. 
[66] Z. Zhang, M. C. Mira, and M. A. E. Andersen, “Analytical comparison of dual-input isolated DC-DC converter with an ac or dc 

inductor for renewable energy systems,” in 2017 IEEE 3rd International Future Energy Electronics Conference and ECCE Asia, 

IFEEC - ECCE Asia 2017, 2017, no. Di, pp. 659–664. doi: 10.1109/IFEEC.2017.7992117. 

[67] K. Yoo and J. L. Member, “A 10kW Two-Stage Isolated / Bi-directional DC / DC Converter with Hybrid-Switching Technique,” 

IEEE Transactions on Industrial Electronics, vol. 60, no. 6, pp. 1–9, 2011, doi: 10.1109/TIE.2012.2191753. 

[68] T. Ilahi, et al., “Design and Performance Analysis of Ultra-Wide Bandgap Power Devices-Based EV Fast Charger Using Bi-
Directional Power Converters,” IEEE Access, vol. 11, no. February, 2023, doi: 10.1109/ACCESS.2023.3255780. 

[69] W. Li, J. Xiao, Y. Zhao, and X. He, “PWM plus phase angle shift (PPAS) control scheme for combined multiport DC/DC 

converters,” IEEE Transaction on Power Electronics, vol. 27, no. 3, pp. 1479–1489, 2012, doi: 10.1109/TPEL.2011.2163826. 
[70] M. R. Ramteke, H. M. Suryawanshi, S. Member, K. Kothapalli, and S. P. Gawande, “An Isolated Multi-Input ZCS DC – DC Front-

End-Converter Based Multilevel Inverter for the Integration of Renewable Energy Sources,” IEEE Transactions on Industrial 

Applications, vol. 54, no. 1, pp. 494–504, 2018, doi: 10.1109/TIA.2017.2753160. 
[71] R. Xu and R. Liu, “A Three-Port Bidirectional Multi-Element Resonant Converter With Decoupled Power Flow Management for 

Hybrid Energy Storage Systems,” IEEE Access, vol. 6, pp. 61331–61341, 2018, doi: 10.1109/ACCESS.2018.2872683. 

[72] M. Phattanasak, et al., “Control of a Hybrid Energy Source Comprising a Fuel Cell and Two Storage Devices Using Isolated Three-
Port Bidirectional DC – DC Converters,” IEEE Transactions on Industrial Applications, vol. 51, no. 1, pp. 491–497, 2015, doi: 

10.1109/TIA.2014.2336975. 

[73] Z. Qian, O. Abdel-Rahman, H. Al-Atrash, and I. Batarseh, “Modeling and control of three-port DC/DC converter interface for satellite 
applications,” IEEE Transaction on Power Electronics, vol. 25, no. 3, pp. 637–649, 2010, doi: 10.1109/TPEL.2009.2033926. 

[74] B. Zhao, Q. Song, and W. Liu, “Experimental comparison of isolated bidirectional DC-DC converters based on all-Si and all-SiC 

power devices for next-generation power conversion application,” IEEE Transactions on Industrial Electronics, vol. 61, no. 3, pp. 
1389–1393, 2014, doi: 10.1109/TIE.2013.2258304. 

[75] S. T. Meraj, et al., “A Hybrid Active Neutral Point Clamped Inverter Utilizing Si and Ga2O3 Semiconductors: Modelling and 

Performance Analysis,” Micromachines 2021, Vol. 12, Page 1466, vol. 12, no. 12, p. 1466, Nov. 2021, doi: 10.3390/MI12121466 



      ISSN: 2088-8694 

Int J Pow Elec & Dri Syst, Vol. 16, No. 1, March 2025: 321-334 

334 

BIOGRAPHIES OF AUTHORS 

 

 

M. Rajalakshmi     completed bachelor's degree in Electrical and Electronics Engineering 

from Anna University in 2005 and received master degree in Power Systems from Dr. M.G.R. 

Educational and Research Institute University, Chennai. She worked as an assistant professor in 

Saveetha School of engineering, Chennai. At present, she is pursing Ph.D. in School of Electrical 

Engineering, at VIT University, Vellore, Tamil Nadu. Her area of interest includes resonant power 

converters, EV charging and multi-input converters. She can be contacted at email: 

rajalakshmi.2019@vitstudent.ac.in. 

  

 

W. Razia Sultana     received the B.E. degree in Electrical and Electronics Engineering 

from University of Madras, TN, India, in 2004 and completed her M.Tech. in SRM Institute of 

Science and Technology, TN, India. Subsequently, she was awarded with doctorate of philosophy 

and accomplished the thesis for Ph.D. at Vellore Institute of Technology, Vellore in the year 2017. 

At present, she is serving as an associate professor in the School of Electrical Engineering, VIT, 

Vellore, TN, India. She has been engaged in teaching and research work for the past 12 years in the 

area of power electronics, renewable energy systems, control of electric drives, and electric vehicle 

systems. She can be contacted at email: wraziasultana@vit.ac.in. 

  

 

J. Vanishree     completed bachelor degree in Electrical and Electronics Engineering and 

master degree with applied electronics as specialization in 2003 and 2007 respectively. She 

completed Ph.D. in VIT university in 2019. She worked in Anna University affiliated colleges for a 

few years. She Joined Vellore Institute of Technology, Vellore in 2009 as assistant professor in 

School of Electrical Engineering and continuing as assistant professor (senior). Her area of power 

quality issues, renewable energy integration to grid, FACTS devices. She can be contacted at email: 

j.vanishree@vit.ac.in. 

  

 

A. Chitra     received bachelor of engineering in Electrical and Electronics from 

Government College of Engineering, Tirunelveli. She completed her master of technology (Electric 

Drives and Control) in Pondicherry Engineering College, Puducherry, India. She received the gold 

medal from Pondicherry University for the M.Tech. course. She received her Ph.D. from 

Pondicherry University. She is currently working as an associate professor in the School of Electrical 

Engineering at Vellore Institute of Technology, Vellore, India. Her research areas include PV based 

systems, neural networks, induction motor drives, reliability analysis of multilevel inverters, and 

electrical vehicles. She can be contacted at email: chitra.a@vit.ac.in. 

  

 

D. Rama Prabha     received her M.E. degree in Power Systems Engineering from Anna 

University, Guindy, Chennai, Tamil Nadu, India, in 2002. She completed Ph.D. in VIT University 

in 2016. She is working as an associate professor in School of Electrical Engineering, VIT 

University, Vellore. Her area of interests are power system optimization, distributed generation, and 

microcontrollers. She can be contacted at email: dramaprabha@vit.ac.in. 

  

 

M. Manimozhi     received the B.E. degree in Electronics and Instrumentation Engineering 

and the M.E. degree in Process Control and Instrumentation from Annamalai University, and the 

Ph.D. degree from VIT University, Vellore. She is currently a professor in the Department of Control 

and Automation, VIT Vellore, India. Her research work focused on the areas of control and 

instrumentation, state estimation, predictive analytics, sensors networks, reinforcement learning. She 

can be contacted at email: mmanimozhi@vit.ac.in. 

 

https://orcid.org/0000-0003-3683-0017
https://scholar.google.com/citations?user=pqgZuhkAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57518279700
https://orcid.org/0000-0003-4046-7759
https://scholar.google.co.in/citations?user=C4chA7QAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57225709085
https://orcid.org/0000-0002-0065-6929
https://scholar.google.co.in/citations?user=a3R9Bu8AAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=55347271900
https://orcid.org/0000-0001-5820-1305
http://orcid.org/0000-0001-9892-6095
https://scholar.google.co.in/citations?user=xbs9Rr0AAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=55601280100
https://orcid.org/0000-0001-6260-9397
http://www.scopus.com/inward/authorDetails.url?authorID=55807156200&partnerID=MN8TOARS

